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]RQHā FUDFNZHUH UHVHDUFKHG E\&:3 WHVW DQG VLQJOHHGJH QRWFK WHVW 6(17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7KHWHQVLOHVWUDLQFDSDFLW\RIDSLSHOLQH LVFRQWUROOHGE\ WKHWHQVLOHVWUDLQFDSDFLW\RI LWVJLUWKZHOGV7KHJLUWK
ZHOGVKHUHUHIHUWRWKHHQWLUHZHOGUHJLRQLQFOXGLQJWKHZHOGPHWDODQGWKHKHDWDIIHFWHG]RQH+$=*LUWKZHOGV
WHQGWREHWKHZHDNHVWOLQNGXHWRWKHSRVVLEOHH[LVWHQFHRIZHOGGHIHFWVDQGRIWHQGHWHULRUDWLYHPHWDOOXUJLFDODQGRU
PHFKDQLFDO SURSHUW\ FKDQJHV IURP ZHOGLQJ WKHUPDO F\FOHV &RQVHTXHQWO\ 76& LV UHODWHG WR WKH JLUWK ZHOGLQJ
SURFHGXUH TXDOLILFDWLRQ DQG IODZ DFFHSWDQFH FULWHULD7KHZHOGLQJ SURFHGXUH TXDOLILFDWLRQ LQYROYHV WKH FRQWURO RI
YDULDEOHVWRHQVXUHWKHHTXLYDOHQFHRISURFHGXUHTXDOLILFDWLRQZHOGVDQGILHOGSURGXFWLRQZHOGVDQGWKHGHILQLWLRQ
DQGH[HFXWLRQRIPHFKDQLFDOWHVWVRIZHOGV7KHIODZDFFHSWDQFHFULWHULDDUHLPSOHPHQWHGLQILHOGSURGXFWLRQZHOGV
WRHQVXUHDFHUWDLQOHYHORISHUIRUPDQFHLQWKLVFDVHWHQVLOHVWUDLQFDSDFLW\LVDFKLHYHG>@WKHZHOGMRLQWZLWKIODZV
FDQHQVXUHLWVLQWHJULW\XQGHUSODVWLFGHIRUPDWLRQ7KHVHGHVLJQVDUHFRPSOLFDWHGEHFDXVHRIWKHGHILQLWLRQRIYDOXH
RIGLIIHUHQWYDULDEOHV7KHYDULDEOHVDUHDOZD\VGLIILFXOWWRGHILQHZLWKLQWHUDFWLYHLQIOXHQFH:KHQJLUWKZHOGIODZV
RFFXUWKHVWUDLQFDSDFLW\GHSHQGVRQPDQ\PRUHPDWHULDODQGJHRPHWULFIDFWRUV1XPHULFDOVWXGLHVDQGSUHVVXUL]HG
IXOO VFDOH WHQVLRQ )67 WHVWV KDYH VKRZQ WKDW RQFH WKH WKUHVKROG OHYHO RI WRXJKQHVV HQVXULQJ GXFWLOH IDLOXUH LV
DFKLHYHGWKHIROORZLQJYDULDEOHVLQIOXHQFHVWUDLQFDSDFLW\
x )UDFWXUHUHVLVWDQFH
x :HOGVWUHQJWKPLVPDWFKOHYHO
x 8QLIRUPVWUDLQX(/FDSDFLW\RIWKHSLSHPHWDO
x 3LSHDQGZHOGPHWDOVWUDLQKDUGHQLQJFDSDFLW\
x )ODZORFDWLRQDQGGLPHQVLRQVOHQJWKDQGKHLJKW
x )ODZKHLJKWWRZDOOWKLFNQHVVUDWLR
x +LJKORZZHOGPLVDOLJQPHQW
x «
$OWKRXJKUHODWHGLVVXHVDUHXQGHUUHVHDUFKWKHUHLVQRFRPSUHKHQVLYHJHQHUDOVWDQGDUGIRUVWUDLQFDSDFLW\RIJLUWK
ZHOGLQJMRLQW,Q&KLQDWKHFXUUHQWVWDQGDUGUHTXLUHGWKHWHQVLOHWHVWRIZHOGLQJMRLQWVKRXOGQRWEHFUDFNRQZHOG
KHDWDIIHFWHG]RQHRU³QHDUVHDP]RQH´ZKLFKPHDQVWKHVRIWHQLQJ]RQHQHDUWKHZHOGDQG+$=)RUWKHUHDVRQRI
VHQVLWLYLW\WRPDWHULDOSURSHUWLHVDQGIODZVVL]HWKHZHOGMRLQWVWUDLQFDSDFLW\FDQQRWEHDQDO\]HGTXDQWLWDWLYHO\RQO\
E\UHTXLUHPHQWRIWHQVLOHWHVWIRUZHOG
7KHJLUWKZHOG MRLQW RIPPhPP; VWUDLQEDVHGGHVLJQHGSLSHOLQH DUHGHPRQVWUDWHG IRU LWV VWUDLQ
FDSDFLW\7KHVSHFLPHQVRIWHQVLOHWHVWDUHDOZD\VFUDFNHGRQQHDUVHDP]RQHDVVKRZQLQ)LJ7KHFKHPLVWU\
WHQVLOHKDUGQHVVDQG6(17WHVWVIRUUHODWHG]RQHSURSHUWLHVDQG)($DQDO\VLVZHUHFRQGXFWHGIRUWKHGHVFULSWLRQRI
WKHZHOGMRLQWSURSHUWLHV7KHQ)(DQDO\VLVZDVFRQGXFWHGIRU WKHFUDFNGULYHIRUFHFDOFXODWLRQRIGXFWLOH WHDULQJ
$FFRUGLQJO\ WKH WDQJHQF\ DSSURDFK ZDV XVHG WR HYDOXDWH WKH VWUDLQ FDSDFLW\ )LQDOO\ WKH VWUDLQ FDSDFLW\ RI WKH
SLSHOLQHLVGHPRQVWUDWHGE\&:3WHVWV


)LJ7KHVSHFLPHQVFUDFNHGRQQHDUVHDP]RQH
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3,3(0$7(5,$/$1':(/',1*352&('85(
2.1. Pipe  
7KHSLSHVL]HLVÏPPhPPWKHVDPSOHVDUHFXWIURPVDPHSLSH7KHFKHPLVWU\FRPSRVLWLRQVDUHOLVWHG
LQWDEOH
7DEOH&KHPLVWU\FRPSRVLWLRQVRIWKHSLSH
& 6L 0Q 3 6 0R
     
&U 1E 9 1L &X 3FP
     
2.2. Girth weld joint 
60$:KDVEHHQXVHGIRUURRWSDVVDQGKRWSDVVVHOIVKLHOGHGIOX[FRUH)&$:KDVEHHQXVHGIRUILOOSDVVDQG
FDS([WUDFDSZHOGLQJZDVXVHGIRURYHUPDWFKRIWKHJLUWKZHOGMRLQWDVVKRZQLQ)LJ
7DEOHOLVWVWKHZHOGLQJPDWHULDODQGWKHSURFHGXUHV


)LJ0DFURSURILOHRIWKHJLUWKZHOG
7DEOH:HOGLQJPDWHULDODQGWKHSURFHGXUHV
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7(675(6($5&+
7KHWHVWVLQFOXGHWKHWHQVLOHWHVWKDUGQHVVWHVW6(17WHVWDQG&:3WHVW
3.1. Tensile test 
7DEOH  VKRZV WKH WHQVLOH WHVW UHVXOW IURP HLJKW SRVLWLRQ DORQJ WKH FLUFXPIHUHQFH RI WKH SLSH <LHOG VWUHQJWK
WHQVLOH VWUHQJWK<7 DQGXQLIRUPHORQJDWLRQV DUH OLVW KHUH7KHSLSHVXVHG LQ WKH VWUDLQEDVHGGHVLJQHGSLSHOLQHV
KDYHEHWWHUVWUDLQKDUGHQLQJFDSDFLW\ZLWKORZHU<7WKDQFRPPRQSLSHV
%HVLGHVWKDWWKHDOOZHOGPHWDOWHQVLOHVSHFLPHQVDUHDOVRWHVWHGDV)LJDQG)LJVKRZWKHVSHFLPHQVDQGRQH
RIWKHVWUHVVVWUDLQFXUYHVVHSDUDWHO\7KHWHVWUHVXOWVDUHVKRZQLQWDEOH
7DEOH/RQJLWXGLQDOWHQVLOHWHVWSURSHUWLHV
3RVLWLRQ
<6
˄03D˅
76
˄03D˅
<7
8(/
˄˅
ee    
ee    
ee    
ee    
ee    
ee    
ee    
ee    



)LJ7KHDOOZHOGPHWDOWHQVLOHVSHFLPHQV
7DEOH$OOZHOGPHWDOWHQVLOHWHVWSURSHUWLHV
3RVLWLRQ
<6
˄03D˅
76
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<7
8(/
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
)LJ(QJLQHHULQJVWUHVVVWUDLQFXUYHVIRUDOOZHOGPHWDOWHQVLOHWHVW
3.2. Hardness test 
7KH9LFNHUVKDUGQHVVZDV WHVWHGDORQJ WKH LQQHU VLGHRXWHU VLGHDQGPLGGOHRI WKH VSHFLPHQ$V WKHKDUGQHVV
YDOXHDQGWKHGLVWULEXWLRQVKRZQLQ)LJDQG)LJWKHKDUGQHVVRIPDWHULDOVDUHVOLJKWO\ORZQHDUWKH+$=


)LJ9LFNHUVKDUGQHVVWHVWUHVXOWV


)LJ+DUGQHVVGLVWULEXWLRQRQWKHZHOGFURVVVHFWLRQ
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3.3. SENT test 
7KHUHODWHGSXEOLVKHGZRUNVLPSO\WKDWIUDFWXUHWRXJKQHVVREWDLQHGIURP6(17WHVWLVPRUHVLPLODUWRIXOOSLSH
WHVW WKDQ6(1%WHVW >@ZLWKDPRGHUDWHFRQVHUYDWLRQ)XUWKHUVWXG\VKRZVWKDW WKH5FXUYHVIRU6(17DQGIXOO
VFDOH WHVWV PDWFK FORVHO\ LI WKH D: UDWLR IRU WKH 6(17 WHVW LV ODUJHU E\  WKDQ WKH IXOOVFDOH DW UDWLR >@
7KHUHIRUHD6(17WHVWZDVFRQGXFWHG WR LQYHVWLJDWLRQ WKHGXFWLOHIUDFWXUHEHKDYLRURIDFLUFXPIHUHQWLDOGHIHFW LQ
JLUWK ZHOG VXEMHFWHG WR SODVWLF VWUDLQ 6SHFLPHQV FURVV VHFWLRQ ZLWK %   : ZHUH WDNHQ DORQJ WKH ORQJLWXGLQDO
GLUHFWLRQRIWKHSLSH&UDFNORFDWLRQLV,'VXUIDFHZLWKFUDFNWLSRQWKHIXVLRQOLQHIRUFRQVHUYDWLYHUHVXOWV,QLWLDO
FUDFNGHSWKLVPPWKXVD: WKDWODUJHUE\WKDQWKHIXOOVFDOHDWUDWLRPPPP DVVKRZQLQ
)LJ&RQVHTXHQWO\ WKH5FXUYHRI6(17FDQ UHSUHVHQW WKDWRI IXOOSLSH+HUH OLVW WKH VSHFLPHQVFRQILJXUDWLRQ
FODPSLQJGLVWDQFH:FURVV VHFWLRQ :VLGHJURRYHVGHSWKHDFKVLGHD: QRWFK ORFDWLRQ VXUIDFH
QRWFKIURP,'DVVKRZQLQ)LJ
7KHFUDFNV LQDOO6(17VSHFLPHQVZHUHSUHSDUHGE\ILUVWPDFKLQLQJD VKDUSQRWFKDIWHUZKLFK WKHGHIHFWZDV
H[WHQGHGE\ IDWLJXHSUHFUDFNLQJ$OO VSHFLPHQVZHUHFODPSHGRQERWKHQGVXVLQJDQG ORDGHG LQ WHQVLRQXVLQJD
N1076ORDGIUDPH7KHFODPSLQJGLVWDQFHZDV:DVVKRZQLQ)LJ


)LJ/RFDWLRQDQGGHSWKRIWKHIODZ

)LJ&RQILJXUDWLRQRIWKHVSHFLPHQ

)LJ6(17VSHFLPHQPRXQWHGZLWKD&2'JDXJH
992   H.Y. Chen et al. /  Procedia Engineering  130 ( 2015 )  986 – 999 
7KHPXOWLVSHFLPHQVWHFKQLTXHZDVDSSOLHGWRPHDVXUHFUDFNJURZWK$IWHUWHVWFRPSOHWLRQWKHVSHFLPHQVZHUH
UHPRYHG IURP WKH WHVWLQJ IUDPH DQGKHDW WLQWHG IRUPLQXWHVDW DERXWć WRPDUN WKHFUDFNJURZWK WHDULQJ
]RQH%RWKWKHLQLWLDODQGILQDOFUDFNGHSWKVDUHPHDVXUHGDWHTXDOO\VSDFHGSRLQWVDQGDYHUDJHGLQDFFRUGDQFHRI
$670  $GGLWLRQDO GHWDLOV RI WKH 6(17 WHVWLQJ SURFHGXUH DUH EH\RQG WKH VFRSH RI WKLV SDSHU DQG QRW WR
GHVFULEHKHUH
)LQDOO\WKHFUDFNJURZQOHQJWKDQGWKH&72'IRUHDFKVSHFLPHQVDUHSORWWHGLQWKH)LJ$VVKRZQLQ)LJ
WKH5FXUYHIRUPXODWLRQDUH¥ DIURPGDWDILWWLQJ


)LJ7KH5FXUYHRIWKH6(17WHVWUHVXOWV
3.4. Development of Crack Driving Force Model 
7KHWHQVLOHVWUDLQPRGHOZDVEXLOWXSRQWZRPDMRUFRPSRQHQWVFUDFNGULYLQJIRUFHUHODWLRQVDQGOLPLWVWDWHV7KH
FUDFNGULYLQJIRUFH&72')LVH[SUHVVHGDVDIXQFWLRQRIUHPRWHVWUDLQIRUDQ\JLYHQJHRPHWU\LQFOXGLQJIODZVL]H
DQGPDWHULDOSDUDPHWHUV


)LJ7KHVWUDLQVWUHVVFXUYHVRIWKHSLSHDQGZHOGPHWDO
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
)LJ6\PPHWU\SLSHPRGHOIRU)($
7KH DSSURDFK LV SULPDULO\ EDVHG RQ IDLOXUH SUHGLFWLRQ E\ GXFWLOH IUDFWXUH HPDQDWLQJ IURP JLUWKZHOG GHIHFWV
:KHQ WKH IUDFWXUH GULYLQJ IRUFH H[FHHGV WKH PDWHULDO
V GXFWLOH WHDULQJ UHVLVWDQFH 5FXUYH IDLOXUH RFFXUV 7KH
WDQJHQF\DSSURDFKLVRIWHQGHVFULEHGXVLQJDJHRPHWULFFRQVWUXFWLRQWKDWVKRZVDGULYLQJIRUFHFXUYHDQGDPDWHULDO
WRXJKQHVV 5FXUYH RQ D JUDSK WKDW SORWV D IUDFWXUH SDUDPHWHU VXFK DV FUDFN WLS RSHQLQJ GLVSODFHPHQW &72'
YHUVXVFUDFNJURZWK
)($IRUIXOOSLSHWHQVLOHPRGHOZLWKIODZORFDWHGLQIXVLRQOLQHRIJLUWKZHOGLVXVHGWRPRGHOWKHFUDFNGULYLQJ
IRUFH:HOG VWUHQJWKRYHUPDWFK LV GHILQHGDV UHDO VWUDLQVWUHVV FXUYH DV VKRZQ LQ)LJ $OO)($PRGHOVKDYH
EHHQFUHDWHGXVLQJ$%$486$KDOI RI DSLSH VSHFLPHQDVVXPLQJ WUDQVYHUVDO V\PPHWU\ ILUVW FUHDWHV WKH
JHRPHWU\F\OLQGHUZHOGZLWKIXVLRQOLQHVEHYHOZKLFKLVWKHQPHVKHGIRUWKHUHTXLUHPHQWRIIUDFWXUHDQDO\VLVDV
VKRZQLQ)LJ
$ ODUJHGHIRUPDWLRQ IRUPXODWLRQ RI $%$486 VWDQGDUG VROYHU µQOJHRP¶ ZDV XVHG $OO PDWHULDOV ZHUH
PRGHOHGDVHODVWLFSODVWLFDQGZHUHDVVXPHGWRKDUGHQLVRWRSLFDOO\DFFRUGLQJWRWKH9RQ0LVHV\LHOGFULWHULRQ
7KH ILQLWH HOHPHQWPRGHOV FRQVLVW RI$%$486HOHPHQW W\SH µ&'5¶ WKUHHGLPHQVLRQDO VROLG OLQHDU EULFN
HOHPHQWVZLWKUHGXFHGLQWHJUDWLRQ$QDO\VLVGXUDWLRQZDVRSWLPL]HGWKURXJKDPHVKFRQYHUJHQFHVWXG\$QLQLWLDOO\
EOXQWGHIHFWZLWKDILQHVSLGHUZHEPHVKDURXQGWKHGHIHFWWLSZDVPRGHOHG7KHGLIIHUHQWGHSWKRIWKHIODZVDUH
PPZLWKOHQJWKWRGHSWKUDWLRDUHDFFRUGLQJWRWKHGHIHFWWROHUDQFHPPPP7KHUDGLXVRIWKHLQLWLDO
FUDFNWLSLVPP)LJVKRZVDQH[DPSOHPRGHORIJLUWKZHOGZLWKGHWDLORIWKHQHDUGHIHFWPHVK


)LJ7KHPHVKRI)($PRGHO
,Q WKH)($PRGHOV&72'ZDVGHILQHG DW D FRQYHQLHQWQRGHEHKLQG WKHRULJLQDO FUDFN WLS7KLVSRVLWLRQZDV
FKRVHQWRDYRLGFUDFNWLSGLVWRUWLRQVWKDWFDQRFFXUDWWKHRULJLQDOFUDFNWLSGXULQJDGYDQFHGVWDJHVRISODVWLFLW\DV
VKRZQ LQ )LJ  7UDFNLQJ QRGHV DW WKH FUDFN WLS EDVHG RQ WKH WUDGLWLRQDO  &72' GHILQLWLRQLV QRW SUDFWLFDO
FRQVLGHULQJWKHGHIRUPDWLRQQRWHGE\WKHDUURZLQ)LJ>@

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
)LJ&72'GHILQLWLRQDWFUDFNWLSEHIRUHDQGDIWHUORDGLQJ

)LJ6FKHPDWLFGUDZLQJRI&72')YV5HPRWHVWUDLQ

)LJ6FKHPDWLFGUDZLQJRILVRVWUDLQFXUYHVYVFUDFNJURZWK
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7KH WDQJHQF\ DSSURDFK XVHG DV D IDLOXUH FULWHULRQ IRU VWUDLQEDVHG GHVLJQ KDV EHHQ GLVFXVVHG E\ 6,17()
>@DQG([[RQ0RELO>@$FFRUGLQJWRWKHDSSURDFKWKHFUDFNGULYLQJIRUFHVZHUHSUHVHQWDVDJURXSRI
FXUYHVLVRVWUDLQ&72')FXUYHVRIGLIIHUHQWVWUDLQOHYHOV(DFKLVRVWUDLQ&72')FXUYHLVH[SUHVVHGDVDIXQFWLRQ
RIIODZJURZWK
6WDEOHGXFWLOHFUDFNNHHSLQJJURZWKXQWLOWKHUHVLVWDQFHHTXDOVWKHGULYLQJIRUFH2QFHWKHGULYLQJIRUFHUHDFKHV
WKH WDQJHQF\ SRLQW FUDFN JURZWK SURFHHGV XQVWDEO\ EHFDXVH FUDFNLQJ GULYLQJ IRUFH LQFUHDVHV PRUH UDSLGO\ WKDQ
UHVLVWDQFHZLWKDGGLWLRQDOFUDFNJURZWK
)($VLPXODWLRQVIRUSLSHZHOGGHIHFWFDVHVZLWKGLIIHUHQWGHSWKZHUHFRQGXFWHGWRSURGXFHGULYLQJIRUFHUHVXOWV
LQWHUPVRI&72'YHUVXVUHPRWHVWUDLQ'XFWLOHFUDFNJURZWKZDVDFFRXQWHGIRUE\EXLOGLQJVWDWLRQDU\FUDFNPRGHOV
ZLWK VXFFHVVLYHO\ LQFUHDVLQJ IODZKHLJKWV7KLV VHULHVRIPRGHOV UHSUHVHQWHGFUDFNVWDWXVRIDJURZLQJFUDFN7KH
&72'VWUDLQ GULYLQJ IRUFH FXUYHV ZHUH FRQYHUWHG LQWR &72'FUDFN JURZWK FXUYHV WR GHWHUPLQH WDQJHQF\ E\
FRPSDULVRQWRWKHWHDULQJUHVLVWDQFH5FXUYHDVVKRZQLQ)LJ7KH)LJVKRZVWKDWWKHLVRVWUDLQRIKDVD
WDQJHQF\SRLQWZLWKWKH5FXUYHRIWKH6(17WHVW
3.5. CWP test 
Specimens 
)RUILYHRI WKH&:3VSHFLPHQVVLPXODWHGZHOGLQJIODZVZHUHPDFKLQHGLQ WKHPLGGOHRI WKHJDXJHZLGWKDQG
ZHUHFXWLQWRWKHRXWVLGHGLDPHWHU2'RIWKHSLSH7KHIODZVZHUHPDFKLQHGHLWKHURQWKHZHOGFHQWHUOLQH:&/
RUWRWDUJHWWKHKHDWDIIHFWHG]RQH+$=1RPLQDOIODZVL]HLVPPGHHSE\PPORQJEHVLGHWKHVWDQGDUGIODZV
RIPPGHHSE\PPORQJ,QSUHSDUDWLRQIRUIODZLQVWDOODWLRQWKHJLUWKZHOGFDSUHLQIRUFHPHQWRIHDFKVSHFLPHQ
ZDVUHPRYHGRYHUDVKRUWOHQJWKDERXWPPORQJHUWKDQWKHIODZDWWKHPLZLGWKRIWKHJLUWKZHOG
$VVKRZQLQ)LJWKHWRWDOOHQJWKJDXJHOHQJWKLVPPDQGPPVHSDUDWHO\ZLWKPPZLGWK$OO
VSHFLPHQV ZHUH WHVWHG DW URRP WHPSHUDWXUH DSSUR[LPDWHO\ & 7ZR IODZ W\SHV UHSUHVHQW WKH W\SLFDO
ZRUNPDQVKLSPPhPPPPLVWKHDYHUDJHKHLJKWRIDZHOGSDVVDQGPPLVWZLFHWKHOHQJWKRIDVXUIDFH
EUHDNLQJRUWKHOHQJWKRIQRQVXUIDFHEUHDNLQJIODZOHQJWKW\SLFDOO\DOORZHGIRUHYHU\PPRIZHOGOHQJWKXQGHU
ZRUNPDQVKLSVWDQGDUGV>@DQGWKHPD[LPXPIODZVPPhPPWRHQVXUHWKHSLSHOLQHIDLOXUHE\UHPRWH\LHOG
ZLWKPD[LPXP<7İZKLFKSURYLGHLQ(35*7LHU>@)ODZPDFKLQLQJZDVLQLWLDOO\GRQHE\URXJK
FXWWLQJDVORWLQWKH&:3ZLWKDPPWKLFNVDZEODGH7KLVURXJKQRWFKZDVFXWWRZLWKLQDSSUR[LPDWHO\PP
RIWKHILQDOIODZGHSWK7RPDFKLQHWKHIODZVWRWKHILQDOGLPHQVLRQVDPPGLDPHWHUVDZEODGHZLWKDWKLFNQHVV
RIPPZDVXVHGZKLFKSURGXFHGDQRWFKZLWKDPD[LPXPZLGWKRIPP)ODZGHSWKZDVVXEVHTXHQWO\
PHDVXUHGZLWKDIHHOHUJDXJHDWDPLQLPXPRIQLQHORFDWLRQVDORQJWKHIODZGHSWK

)LJ,QVWUXPHQWDWLRQOD\RXWRIWKH6SHFLPHQV
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7DEOH6SHFLPHQVDQGIODZVVL]H
7HVW
1R
*DXJK
OHQJWK
˄PP˅
:LGWKLQ
JDXJH
˄PP˅
7KLFNQHVV
˄PP˅
)DOZV
SRVLWLRQ
)ODZVL]H
˄PP˅
    1$ 1$
    :&/ h
    :&/ h
    +$= h
    +$= h



)LJ7HVWVHWXS
3.6. Instrument and procedure 
7KH&:3WHVWVZHUHSHUIRUPHGLQ8QLYHUVDO7HVWLQJ6\VWHP876DVHUYRK\GUDXOLFORDGIUDPHFDSDEOHRI
01RIWHQVLOHORDG7KHH[SHULPHQWDOVHWXSZKLFKVXEMHFWHGWKHVSHFLPHQVWRDGHIRUPDWLRQFRQWUROOHGDQGD[LDOO\
RULHQWHGWHQVLOHORDGWRIDLOXUHLVVKRZQLQ)LJ6SHFLPHQVZHUHLQVWDOOHGLQWKHWHVWIUDPHXVLQJKLJKVWUHQJWK
EROWV WKURXJK WKHHQGSODWHV WR WKHPDFKLQHEDVHDQGDFWXDWRU/LQHDUYDULDEOHGLVSODFHPHQW WUDQVGXFHUV/9'7V
ZKHUH XVHG WRPHDVXUH RYHUDOO HORQJDWLRQ DFURVV WKH VSHFLPHQ DQG ORFDO HORQJDWLRQ RYHU D VKRUWHU JDXJH OHQJWK
FHQWHUHG DERXW WKHZHOG$ FOLS JDJHPRXQWHG DFURVV WKHQRWFKZDV XVHG WRPHDVXUH&02'$OO WHVW GDWDZHUH
GLJLWDOO\UHFRUGHGLQFOXGLQJORDGGLVSODFHPHQWDQG&02'
6SHFLPHQV ZHUH DOLJQHG LQ WKH WHVW IUDPH DQG EROWHG LQWR SRVLWLRQ 7KH HQG SODWHV ZHUH VKLPPHG WR SUHYHQW
EHQGLQJ RI WKH VSHFLPHQ GXULQJ LQVWDOODWLRQ HQVXULQJ WKH VSHFLPHQ ZDV SXOOHG IURP D QHXWUDO VWDWH $IWHU WKH
VSHFLPHQ ZDV LQVWDOOHG D VKDNHGRZQ UXQ ZDV FRQGXFWHG E\ ORDGLQJ WKH VSHFLPHQ XS WR  RI WKH VSHFLILHG
QRPLQDO\LHOGORDGDQGWKHQXQORDG7KHSXUSRVHRIWKLVVKDNHGRZQUXQZDVWRHQVXUHSURSHURSHUDWLRQDQGPLQLPDO
K\VWHUHVLVRIWKHLQVWUXPHQWDWLRQ7KHVKDNHGRZQSURFHVVZDVUHSHDWHGXQWLOWKHVSHFLPHQZDVGHHPHGUHDG\WRWHVW
7HVWLQJZDV FRQGXFWHG E\ DSSO\LQJ D WHQVLOH D[LDO ORDG XVLQJ WKH WHVWPDFKLQH LQ VWURNH FRQWURO DW D UDWH QRW
H[FHHGLQJPPPLQ7HVWVZHUHFRQVLGHUHGFRPSOHWHGXQGHURQHRIWKHIROORZLQJFLUFXPVWDQFHV
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$GURSLQORDGZDVREVHUYHG
WRWDOVWUDLQLQWKHXQLIRUPVWUDLQ]RQHZDVREVHUYHG
VWUDLQLQRQHKDOIRIWKHVSHFLPHQZLWKVWUDLQORFDOL]LQJLQWKHKDOIZDVREVHUYHG
$VWDEOHSRSWKURXJKRIWKHIODZRFFXUUHGRU
6SHFLPHQUXSWXUHRFFXUUHG
3.7. Test results 

)LJ6HFWLRQVFRQWDLQLQJWKHIODZ
7DEOH6SHFLPHQVDQGWKHUHVXOWV
7HVW1R
3HDNVWUHVV
03D
6WUDLQ
˄/7˅
6WUDLQ
˄/%˅
   
   
   
   
   
7HVW1R
5HPRWHVWUDLQ

7RWDOFUDFNJRZWK
˄PP˅
&02'
˄PP˅
  1$ 1$
   
   
   
   

7KHXQLIRUPVWUDLQZDVFDOFXODWHGE\DYHUDJLQJWKHGLVSODFHPHQWPHDVXUHPHQWVRIWKHWZRVKRUWPPOLQHDU
SRWHQWLRPHWHUVDQGGLYLGLQJWKHUHVXOWE\WKHDYHUDJHRIWKHJDXJHOHQJWKV7KLVFDOFXODWHGVWUDLQLVXVHGWRUHSUHVHQW
WKHIDUILHOGUHPRWHVWUDLQ*URVVVWUHVVHVZHUHFDOFXODWHGE\GLYLGLQJWKHD[LDOORDGE\WKHJURVVFURVVVHFWLRQDODUHD
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RIWKHJDXJHVHFWLRQGLVUHJDUGLQJWKHDUHDUHGXFWLRQDVDUHVXOWRIWKHIODZ)DLOXUHVWUDLQZDVGHILQHGDVWKHXQLIRUP
VWUDLQDWSHDNORDGHYHQLIWKHPD[LPXPPHDVXUHGXQLIRUPVWUDLQH[FHHGHGWKLVYDOXH
$VVKRZQLQ)LJWRPHDVXUHWKHILQDOFUDFNGHSWKVHFWLRQVFRQWDLQLQJWKHIODZZHUHFXWIURPWKHVSHFLPHQ
7KHVHVHFWLRQVH[WHQGHGPPRQHLWKHUVLGHRIWKHIODZLQWKHORQJLWXGLQDOGLUHFWLRQDQGPPRQHLWKHUVLGHRI
WKHIODZLQWKHFLUFXPIHUHQWLDOGLUHFWLRQ7KHRYHUDOOGLPHQVLRQVRIWKHUHPRYHGVHFWLRQZHUHE\PP
&:3 WHVW UHVXOWV VKRZ WKDW WKH UHPRWH VWUDLQ DFKLHYHG DERXW  IRU VSHFLPHQV ZLWK PPhPP IODZV
PHDQZKLOHDERXWIRUODUJHUIODZVRIPPhPPDVVKRZQLQWDEOH
&21&/86,216
7KHSDSHUFRQGXFW6(17WHVWDQG)(DQDO\VLVWRGHPRQVWUDWHWKHVWUDLQFDSDFLW\IRUD;VWUDLQEDVHGGHVLJQHG
SLSHOLQH RIZKLFK DOO VSHFLPHQV RI JLUWKZHOG WHQVLOH WHVW FUDFNHG LQ ³QHDUVHDP ]RQH´7KH UHVXOWV RI UHVLVWDQFH
FXUYH WDQJHQF\ DSSURDFK VKRZ WKDW WKH SLSHOLQHZLWKPD[LPXP DOORZDEOHZHOG GHIHFW FDQ DFKLHYH FRQVLGHUDEOH
UHPRWHVWUDLQ$QGLWFDQEHFRQFOXGHGDVIROORZ
x $OWKRXJKWKHVSHFLPHQVRIJLUWKZHOGWHQVLOHWHVWFUDFNHGLQ³QHDUVHDP]RQH´WKHWDQJHQF\DSSURDFKDQGWKH
&:3WHVWVKRZFRQVLGHUDEOHSODVWLFVWUDLQFDSDFLW\DERXWDQGVHSDUDWHO\
x )UDFWXUHPHFKDQLFVWHVWVDUHPRUHDSSURSULDWHWKDQWUDGLWLRQDOWHQVLOHWHVWIRUJLUWKZHOGMRLQWRIVWUDLQEDVHG
GHVLJQHGSLSHOLQHVWRGHPRQVWUDWHWKHVWUDLQFDSDFLW\XQGHUGXFWLOHIUDFWXUH
x 7RTXDQWLWDWLYHUHVHDUFKIRUVSHFLILFVWUDLQEDVHGSLSHOLQHVWKHFUDFNGULYHIRUFHRIIODZXQGHUVWUDLQFDQEH
FDOFXODWHGE\)($7KH6(175FXUYHVRIWKHZHOGMRLQWZLWKIODZVVKRXOGEHFRQGXFWIRUWKHGHVFULSWLRQRI
GXFWLOHWHDUEHKDYLRU
$&.12:/('*(0(176
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJH&KLQD1DWLRQDO3HWUROHXP&RUSRUDWLRQ&13&.H\/DERI2LO7XEXODU
DQG(QYLURQPHQWDOEHKDYLRURI&13&IRUWKH6XSSRUWRI3HWUR&KLQD,QQRYDWLRQ)RXQGDWLRQ'DQG
DOORZLQJWKHSXEOLFDWLRQRIWKHSDSHU
5()(5(1&(6
>@ <RQJ<L:DQJ0LQJ/LXDQG<D[LQ6RQJ6HFRQG*HQHUDWLRQ0RGHOVIRU6WUDLQ%DVHG'HVLJQ3LSHOLQH5HVHDUFK&RXQFLO,QWHUQDWLRQDO
LQWHUQDOUHSRUW-XO\
>@ 0DWWHR&KLHVD%DUG1\KXV%MRUQ6NDOOHUXG&KULVWLDQ7KDXORZ³(IILFLHQWIUDFWXUHDVVHVVPHQWRISLSHOLQHV$FRQVWUDLQWFRUUHFWHG6(17
VSHFLPHQDSSURDFK´(QJ)UDF0HFKS
>@ .LEH\6:DQJ;0LQQDDU.HWDO³7HQVLOH6WUDLQ&DSDFLW\(TXDWLRQVIRU6WUDLQEDVHG'HVLJQRI:HOGHG3LSHOLQHV´3URFRIWKHWK
,QWHU¶O3LS&RQI&DOJDU\&DQDGD
>@ )DLUFKLOG'30DFLD0/HWDO$0XOWL7LHUHG3URFHGXUHIRU(QJLQHHULQJ&ULWLFDO$VVHVVPHQWRI6WUDLQ%DVHG3LSHOLQHV3URFRIVW
,QW
O2IIVKRUHDQG3RODU(QJ&RQI0DXL86$
>@ VWE\(1HZVWUDLQEDVHGIUDFWXUHPHFKDQLFVHTXDWLRQVLQFOXGLQJWKHHIIHFWVRIELD[LDOORDGLQJPLVPDWFKDQGPLVDOLJQPHQW3URFRIWKH
WK,QWHU¶O&RQIRQ2IIVKRUH0HFKDQLFVDQG$UFWLF(QJ-XQH+DONLGLNL*UHHFH
>@ 6DQGLYN$VWE\(1DHVV$HWDO)UDFWXUHFRQWURO±RIIVKRUHSLSHOLQHVSUREDELOLVWLFIUDFWXUHDVVHVVPHQWRIVXUIDFHFUDFNHGGXFWLOH
SLSHOLQHVXVLQJDQDO\WLFDOHTXDWLRQV3URFRIWKHWK,QWHU¶O&RQIRQ2IIVKRUH0HFKDQLFVDQG$UFWLF(QJ3DSHU1R20$(
-XQH-XQH+DONLGLNL*UHHFH
>@ 1\KXV%VWE\ (.QDJHQKMHOP HWDO )UDFWXUH FRQWURO ± RIIVKRUH SLSHOLQHV H[SHULPHQWDO VWXGLHV RQ WKH HIIHFW RI FUDFN GHSWK DQG
DV\PPHWULFJHRPHWULHVRQWKHGXFWLOHWHDULQJUHVLVWDQFH3URFRIWKHWK,QW¶O&RQIRQ2IIVKRUH0HFKDQLFVDQG$UFWLF(QJLQHHULQJ-XQH
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